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Abstract
Data obtained during the past five years have indicated that there are
important age- and gender-based differences in the regulation and
action of leptin in humans. To study the physiological changes of
leptin during puberty in both sexes, and its relationship with body
composition and sexual maturation, we measured leptin concentra-
tions in 175 healthy adolescents (80 girls, 95 boys, 10-18 years of age),
representing all pubertal stages. We excluded individuals with a body
mass index (BMI) below the 5th or above the 95th percentile relative
to age. Serum concentrations of leptin were determined by a mono-
clonal antibody-based immunofluorimetric assay, developed in our
laboratory. Body composition was determined by dual-energy X-ray
absorptiometry. Pubertal stage was assigned by physical examination,
according to Tanner criteria for breast development in females and
genital development in males. Leptin concentration in girls (N = 80)
presented a positive linear correlation with age (r = 0.35, P = 0.0012),
BMI (r = 0.65, P < 0.0001) and %fat mass (r = 0.76, P < 0.0001). In
boys (N = 95) there was a positive correlation with BMI (r = 0.49, P <
0.0001) and %fat mass (r = 0.85, P < 0.0001), but a significant
negative linear correlation with Tanner stage (r = -0.45, P < 0.0001)
and age (r = -0.40, P < 0.0001). The regression equation revealed that
%fat mass and BMI are the best parameters to be used to estimate
leptin levels in both sexes. Thus, the normal reference ranges for
circulating leptin during adolescence should be constructed according
to BMI or %fat mass to assure a correct evaluation.
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Leptin is an adipocyte-derived peptide
hormone that interacts with the central ner-
vous system. Serum leptin levels increase
with progressive obesity in both men and
women (1-3), but for any given measure of
obesity, leptin levels are higher in women
than in men (4,5). Sexual dimorphism in
circulating leptin concentrations is not ob-
served during childhood or early puberty,
but is evident in later puberty, suggesting a
relationship between leptin and gonadal ster-
oids, body fat mass, body mass index (BMI)
and other anthropometric parameters (6-13).
A threshold level of body fat has been
recognized as necessary for the initiation of
puberty and for maintenance of fertility in
women (14). Leptin is probably the mediator
between fat mass, or energy storage, and the
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hypothalamic-pituitary-gonadal axis in hu-
mans. In female mice, investigators have
disclosed that leptin initiates sexual devel-
opment and reproductive function (15-17).
In order to investigate the correlation
between leptin levels and the anthropomet-
ric and pubertal changes observed during
puberty, mainly the alterations of fat mass,
we examined body composition by dual-
energy X-ray absorptiometry (DEXA), an-
thropometry and leptin concentrations in a
cross-sectional study of healthy adolescents
of both sexes, at Tanner stages I to V.
The study included 175 students, 95 males
and 80 females from a private school in São
Paulo, SP, Brazil, ranging in age from 10 to
18 years, all in good health. The sample was
highly representative of the great miscege-
nation observed in southeastern Brazil. None
of the subjects was taking any medication or
had any evidence of chronic disease. An-
thropometric data and pubertal stage, ac-
cording to Tanner criteria for breast devel-
opment in females and genital stage in males,
were assigned by two pediatricians. Subject
endocrine and anthropometric characteris-
tics are presented in Table 1. The subjects
with BMI (weight in kilograms divided by
the square of the height in meters) lower than
the 5th and higher than the 95th percentiles
were excluded, to guarantee that the sample
consisted of individuals in good health and
to exclude obesity as defined by the WHO.
Reference data were obtained from Must et
al. (18). A fasting blood sample was col-
lected from each subject and the serum was
frozen at -70º until analysis. Body composi-
tion was determined by DEXA, using a
Hologic model 4500-A apparatus (Hologic,
Inc., Waltham, MA, USA). The coefficient
of variation for %fat mass in our laboratory
is 3.0%.
Informed consent was obtained from the
parents of all subjects, and from the subjects
themselves. The research protocol was ap-
proved by the Hospital Ethics Committee.
We developed a sensitive immunofluori-
metric assay for the measurement of serum
leptin (19). Intra-assay precision was 3.1%
for a sample with a mean value of 8.6 ng/ml
and 1.4% for a sample with a mean value of
12.8 ng/ml (N = 18). Interassay precision
was 7.3% for a sample with a mean value of
3.5 ng/ml and 11.4% for a sample with a
mean value of 10.5 ng/ml (N = 10). Twenty-
three samples were measured using our as-
say and the commercial immunoradiometric
kit from DSL (Webster, TX, USA) and the
difference between the values obtained (35.9
± 32.05 and 32.89 ± 29.2 ng/ml) were not
statistically significant (P = 0.33).
The relations between continuous vari-
ables were evaluated by the Spearman corre-
lation coefficient. Multiple stepwise linear
regression was used to determine the simul-
taneous contributions of each variable to
serum leptin concentration. Between-group
comparisons were made by the Kruskal-
Wallis test. P < 0.05 was considered signifi-
cant (Graph Pad Prism, version 3.0; SPSS
for Windows, version 8.0).
For both sexes, a strong relationship was
observed between leptin levels and BMI or
%fat mass determined by DEXA at all Tan-
ner stages. In an age-related analysis, leptin
Table 1. Clinical characteristics and leptin levels of the male and female adolescents
studied.
Sex Mean SD Median Minimum Maximum
Leptin (ng/ml) Female 8.538 7.674 6.0 1.0 51.0
Male 3.632 4.265 2.0 1.0 22.0
Age (years) Female 11.6250 1.5457 11.0 10.0 16.0
Male 12.9368 1.9883 13.0 10.0 18.0
BMI (kg/m2) Female 20.0375 4.1045 19.0 14.0 35.0
Male 20.600 3.4898 20.0 14.0 31.0
Weight (kg) Female 46.0875 12.0707 45.0 26.0 85.0
Male 53.8526 13.0376 55.0 24.0 86.0
Height (cm) Female 151.4250 7.6237 152.0 131.0 168.0
Male 160.8211 13.4417 162.0 123.0 188.0
Fat mass (%) Female 28.6625 6.8657 28.0 16.0 46.0
Male 20.000 8.0371 17.0 9.0 41.0
BMI = Body mass index.
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levels in girls (N = 80) rose from 10 to 18
years (r = 0.35, P < 0.0012), in parallel to
body weight (r = 0.67, P < 0.0001) and BMI
(r = 0.65, P < 0.0001). The %fat mass showed
the strongest correlation with leptin levels
(r = 0.76, P < 0.0001). The mean serum
leptin concentration was 7.15 ± 7.03 ng/ml
in prepubertal girls (Tanner I), 7.91 ± 9.18
ng/ml in early pubertal girls (Tanner II and
III), and 9.78 ± 5.97 ng/ml in advanced
pubertal girls (Tanner IV and V), with no
statistically significant difference between
them (P = 0.068, Kruskal-Wallis), as sug-
gested by the weak positive correlation be-
tween leptin and pubertal Tanner stage
(r = 0.28, P < 0094).
In contrast, in boys (N = 95), circulating
leptin levels decreased from Tanner I to V
(r = -0.45, P < 0.0001; mean value of 5.13 ±
4.61 ng/ml in prepubertal boys, 3.65 ± 4.51
ng/ml in early pubertal boys, and 2.23 ± 2.31
ng/ml in late pubertal boys), although the
mean values for each group of Tanner stage
did not show significant differences (P =
0.143, Kruskal-Wallis test). Again, adipos-
ity (%fat mass) presented the closest correla-
tion (r = 0.85, P < 0.0001) with leptin levels.
In boys, leptin concentration was negatively
correlated with age (r = -0.40, P < 0.0001).
As %fat mass decreased through puberty in
boys, serum leptin levels also fell in an age-
related manner.
Multiple stepwise linear regression for
both sexes showed that weight, height, age
and pubertal development had weak effects
on leptin concentration while a greater pro-
portion of variance in leptin concentration
was explained by BMI, %fat mass and gen-
der.
Since BMI proved to be the major influ-
encing variable, which was much easier to
determine than %fat mass for clinical pur-
poses, we constructed reference ranges for
leptin concentrations according to BMI
ranges (14-18, 19-23 and >24) using the
regression line stratified by sex (Figure 1).
Statistical analysis (Kruskal-Wallis) showed
a significant difference between BMI ranges.
The results of the present study confirm
data reported by others (2-8) showing the
presence of a significant sexual dimorphism
in circulating leptin concentrations during
puberty. We also observed that circulating
leptin concentrations correlated positively
with measures of obesity, including BMI
and percent body fat in both sexes. However,
as boys and girls present different changes in
body composition during puberty, leptin lev-
els reflected these gender differences.
We observed that %fat mass increased
through puberty in girls in parallel to BMI,
even in a normal weight population, and
leptin levels were higher at the end of puber-
tal development, probably as a consequence
of this change in body composition. In boys,
on the other hand, serum leptin concentra-
tions present a discrete slope during adoles-
cence, as %fat mass decreases and the lean
mass increases. For the same BMI value, the
boys with a higher %fat mass present higher
leptin levels than those with lower percen-
tiles.
Many investigators postulate that estra-
diol has a stimulatory effect on leptin con-
centration in males, while testosterone has a
suppressive effect (11,15). Wabitsch et al.
(16) reported that testosterone or dihydro-
testosterone promotes a significant decline
in rates of leptin messenger RNA expression
by adipocytes in vitro.
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Figure 1. Mean serum leptin lev-
els and 95% confidence interval
for 95 male and 80 female ado-
lescents stratified by body mass
index (BMI) ranges (14-18, 19-
23, >24). *P < 0.05 compared to
subjects in smaller BMI ranges
and **P < 0.001 compared to
the first group, with BMI be-
tween 14-18 (Kruskal-Wallis
test).
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Horlick et al. (13), in a very detailed
study about the effect of puberty on circulat-
ing leptin, evaluated body composition by
DEXA and measured estradiol and testoster-
one levels in a group of children and adoles-
cents. Using multivariate regression analy-
sis, they demonstrated a persistent gender
difference in leptin levels even when ad-
justed for differences in testosterone, estra-
diol and %fat mass, indicating that other
metabolic or hormonal sex-related variables
can influence leptin production. However,
the modulation of leptin production and re-
lease by other factors such as insulin (2),
growth hormone, insulin-like growth factor
1 or glucocorticoids has not been well estab-
lished in literature.
Since leptin levels show a significant
gender difference, especially in late puberty,
and are closely related to BMI and adiposity,
it is clear that normal reference ranges for
leptin in the adolescent population should be
constructed according to BMI or %fat mass
to assure a correct evaluation.
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